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(57) ABSTRACT 

A set of tools is provided herein that produces useful, 
proven, and correct integrated semiconductor chips. Having 
as input either a customer’s requirements for a chip, or a 
design speci?cation for a partially manufactured semicon 
ductor chip, the tools generate the RTL for control plane 
interconnect; memory composition, test, and manufacture; 
embedded logic analysis, trace interconnection, and utiliza 
tion of spare resources on the chip; I/O quali?cation, JTAG, 
boundary scan, and SSO analysis; testable clock generation, 
control, and distribution; interconnection of all of the shared 
logic in a testable manner from a transistor fabric and/or 
con?gurable blocks in the slice. The input customer require 
ments are ?rst conditioned by RTL analysis tools to quickly 
implement its logic. The slice de?nition and the RTL shell 
provides the correct logic for a set of logic interfaces for the 
design speci?cation to connect. The tools share a common 
database so that logical interactions do not require multiple 
entries. The designs are quali?ed, tested, and veri?ed by 
other tools. The tools further optimize the placement and 
timing of the blocks on the chip With respect to each other 
and With respect to placement on a board. The suite may be 
run as batch processes or can be driven interactively through 
a common graphical user interface. The tools also have an 
iterative mode and a global mode. In the iterative mode, one 
or more of the selected tools can generate the blocks or 
modify a design incrementally and then look at the conse 
quences of the addition, or change. In the global mode, the 
semiconductor product is designed all at once in a batch 
process as above and then optimized altogether. This suite of 
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SIMPLIFIED PROCESS TO DESIGN INTEGRATED 
CIRCUITS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to the following 
United States patent applications, Which are hereby incor 
porated by reference in their entireties: copending LSIL 
Docket No. 02-4439 entitled A Process for Delivering 
Slices, Shells, Design and Rapid Product; copending LSIL 
Docket No. 02-4441 entitled Flexible Instance Structure 
Including Embedded Gate Array and Composable Memo 
ries, ?led Dec. 13, 2002; copending LSIL Docket No. 
02-4688 entitled A Method for Managing and Directing the 
Ef?cient Composition of Storage Arrays from a Set of Fixed 
and Generated Storage Elements, ?led Dec. 13, 2002; 
copending LSIL Docket No. 02-4739 entitled A Method for 
Managing, Directing and Verifying the Ef?cient Placement 
and CustomiZation of Fixed Con?gurable Input/Output 
Buffer Structures; copending LSIL Docket No. 02-4755 
entitled An Automated Method for Documenting, Imple 
menting, and Testing ASIC Registers and Memory; copend 
ing LSIL Docket No. 02-4774 entitled RTL Generation 
Methodology. 

FIELD OF THE INVENTION 

[0002] This invention relates to the ?eld of electronic 
integrated circuit design, and more particularly to the tools 
and methods for the design of integrated circuits. 

BACKGROUND 

[0003] Integrated circuits comprise many transistors and 
the electrical interconnections betWeen them. Depending 
upon the interconnection topology, transistors perform Bool 
ean logic functions like AND, OR, NOT, NOR and are 
referred to as gates. Some fundamental anatomy of an 
integrated circuit Will be helpful for a full understanding of 
the factors affecting the ?exibility and dif?culty to design an 
integrated circuit. An integrated circuit comprises layers of 
a semiconductor, usually silicon, With speci?c areas and 
speci?c layers having different concentrations of electron 
and hole carriers and/or insulators. The electrical conduc 
tivity of the layers and of the distinct areas Within the layers 
is determined by the concentration of dopants Within the 
area. In turn, these distinct areas interact With one another to 
form transistors, diodes, and other electronic devices. These 
speci?c transistors and other devices may interact With each 
other by ?eld interactions or by direct electrical intercon 
nections. Openings or WindoWs are created for electrical 
connections betWeen the layers by a combination of mask 
ing, layering, and etching additional materials on top of the 
Wafers. These electrical interconnections may be Within the 
semiconductor or may lie above the semiconductor areas 
and layers using a complex mesh of conductive layers, 
usually of metal such as aluminum, tungsten, or copper 
fabricated by deposition on the surface and selective 
removal, leaving the electrical interconnections. Insulative 
layers, e.g., silicon dioxide, may separate any of these 
semiconductor or connectivity layers. 

[0004] Integrated circuits and chips have become increas 
ingly complex, With the speed and capacity of chips dou 
bling about every eighteen months. This increase has 
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resulted from advances in design softWare, fabrication tech 
nology, semiconductor materials, and chip design. An 
increased density of transistors per square centimeter and 
faster clock speeds, hoWever, make it increasingly difficult 
to specify and design a chip that performs as actually 
speci?ed. Unanticipated and sometimes subtle interactions 
betWeen the transistors and other electronic structures may 
adversely affect the performance of the circuit. These dif? 
culties increase the expense and risk of designing and 
fabricating chips, especially those that are custom designed 
for a speci?c application. The demand for complex custom 
designed chips increase With the increasing variety of micro 
processor-driven applications and products, yet the time and 
money required to design chips have become a bottleneck in 
the time it takes to bring these products to market. Without 
an assured successful outcome Within a speci?ed time, the 
risks have risen along With costs and the result is that feWer 
organiZations are Willing to attempt the design and manu 
facture of custom chips. 

[0005] The challenge of complexity has been met by 
introducing more poWerful specialiZed softWare tools 
intended to design chips correctly and ef?ciently. As the 
softWare tools evolve, hoWever, the tools themselves have 
become increasingly complex requiring more time to master 
and use them. Correspondingly, the cost of staffing, training, 
and coordinating the various aspects of chip design has also 
increased. One general response to this dilemma has been a 
call for What are termed “higher levels of abstraction,” 
Which simply means that the logical entities With Which 
designers Work are standardiZed, encapsulated, and bundled 
together so they can be treated like black box functions. This 
abstraction has characteriZed the semiconductor industry 
throughout its history. Today, hoWever, the softWare tools 
used in chip design are so complex that it is dif?cult to adapt 
them to this higher level of abstraction. Coordinating these 
realms of complexity is a challenge in the design and 
fabrication of a custom chip. Customer needs and speci? 
cations must be aligned With tools and capabilities of both 
designers and fabrication facilities. Each fabrication facility, 
for example, operates With design rules, equipment, molds, 
recipes and standards that have myriad implications for the 
?nal Work and must be considered early in the process. 

[0006] MeanWhile, several types of chips have been devel 
oped that take advantage of this modular approach; they are 
partly ?xed and partly programmable/customiZable. The 
utility of these chips is limited by factors such as complexity, 
cost, time, and design constraints. The ?eld programmable 
gate array (FPGA) refers to type of logic chip that can be 
reprogrammed. Because of the programmable features, 
FPGAs are ?exible and modi?cation is almost trivial. 
FPGAs, hoWever, are very expensive and have the largest 
die siZe. The disadvantage of FPGAs, moreover, is their 
relatively high cost per function, relatively loW speed, and 
high poWer consumption. FPGAs are used primarily for 
prototyping integrated circuit designs, and once the design is 
set, faster hard-Wired chips are produced. Programmable 
gate arrays (PGAs) are also ?exible in the numerous pos 
sible applications that can be achieved but not quite as 
?exible as the FPGAs, and are more time-consuming to 
modify and test. An application speci?c integrated circuit 
(ASIC) is another type of chip designed for a particular 
application. ASICs are ef?cient in use of poWer compared to 
FPGAs, and are quite inexpensive to manufacture at high 
volumes. ASICs, hoWever, are very complex to design and 
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prototype because of their speed and quality. Application 
Speci?c Standard Products (ASSPs) are hard-Wired standard 
chips that meet a speci?c need, but this customiZation is both 
time-consuming and costly. An example of an ASSP might 
be a microprocessor in a heart pacemaker. 

[0007] As an example, most ASICs today have an embed 
ded or external central processing unit (CPU) connected 
internally to registers and memory, either on or off-chip. 
These registers and memories are read and Written by the 
CPU through memory-mapped accesses and can be physi 
cally arranged and spread throughout the chip in many 
modules, some of Which may be logically hierarchical. 
Documenting, implementing, connecting, and testing these 
registers and internal memories is extremely time consum 
ing and prone to errors. Chip designers and testers de?ne the 
speci?cation and address map for registers and internal 
memory, the register transfer logic (RTL) implementation, 
the veri?cation testcases, and the ?rmWare header ?le all in 
separate and manual tasks. This approach is time consum 
ing, tedious, and prone to errors created by manual editing. 

[0008] There is thus a need in the industry to increase the 
?exibility of the design process of the integrated circuits yet 
at the same time reduce the cost of each individual design. 

SUMMARY OF THE INVENTION 

[0009] To address this need and others to leverage the 
advantage gained by using partially manufactured semicon 
ductor chips With an automated and systematic method of 
generating and testing logic applied to the partially manu 
factured semiconductor, What is presented herein is a 
method for creating an application set, the application set 
comprising at least a description of a slice, Which is the 
partially manufactured semiconductor chip. The slice has a 
transistor fabric that can be con?gured and instantiated With 
the automated method disclosed herein. The slice may 
further have at least one con?gurable I/O interface and 
perhaps, at least one or more diffused areas for memory 

arrays and/or third party IP cores, Whose logic is either 
generated by or incorporated by the method herein. The 
method applies a variety of shells to the slice to create the 
application set: the variety of shells comprising a hierarchy 
of RTL modules, a veri?cation shell, a static timing analysis 
shell, a manufacturing or testing shell, a synthesis shell, a 
documentation shell to generate the RTL and to apply any 
constraints onto the slice to create a semiconductor product 
speci?ed by input customer requirements. Elements of the 
application set are input into a suite of generation tools, each 
of Which has a manager, a resource database, and a com 
poser/generator. Some of the tools also have a selector. Each 
tool allocates its respective resource of the slice to a function 
and generates the RTL necessary for correct and testable 
implementation of the resource. The tools include an I/O 
buffer structure generation tool, a memory generation tool, 
a clock generation tool, and a test generation tool. Option 
ally, the suite of tools may further include a register and/or 
a trace generation tool to further enhance the design cycle. 
The tools may be run incrementally or all the resources may 
be allocated at once to the customer’s requirements. Con 
sideration of the package speci?cation alloWs the tools to not 
only place the memory and/or I/O buffer ampli?ers and/or 
registers and the corresponding logic to optimiZe timing and 
testing Within the semiconductor product, but also to opti 
miZe I/O to/from the product to the printed circuit board 
upon Which it is mounted. 
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[0010] While presented here as a brief summary, full 
appreciation of the suite of tools, the application set, the use 
of the slice, and the shells Will be realiZed upon vieWing the 
folloWing ?gures in conjunction With the detailed descrip 
tion that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The ?le of this patent contains at least one draWing 
executed in color. Copies of this patent With color draW 
ings(s) Will be provided by the Patent and Trademark Office 
upon request and payment of the necessary fee. The numer 
ous advantages of the present invention may be better 
understood by reference to the accompanying ?gures in 
Which: 

[0012] FIG. 1 is a simpli?ed block diagram of a net 
Worked computer system in Which the method and the tools 
of the invention can be implemented. 

[0013] FIG. 2 is a simpli?ed block diagram of a computer 
Workstation to Which an integrated circuit developer may 
access and use the suite of tools to develop an integrated 
circuit in accordance With an embodiment of the invention. 

[0014] FIG. 3 is a simpli?ed block diagram of a semi 
conductor slice from Which the suite of generation tools 
could generate and from Which the suite of generation tools 
Will generate an integrated circuit in accordance With an 
embodiment of the invention. 

[0015] FIG. 4 is a simpli?ed diagram illustrating the 
hierarchy of logic generated by the suite of generation tools 
to be implemented on the slice in accordance With features 
of the invention. 

[0016] FIG. 5 is a simpli?ed block diagram illustrating the 
RTL logic shell placed onto the slice and the relationship to 
features of the suite of generation tools. It is suggested that 
FIG. 5 be printed on the face of the patent. 

[0017] FIG. 6 is a simpli?ed block diagram of an example 
of an application set generated from the slice and shells by 
the suite of generation tools in accordance With features of 
the invention. 

[0018] FIG. 7 is a simpli?ed block diagram of the com 
ponents comprising at least one of the suite of generation 
tools. 

[0019] FIG. 8 is a How chart of the process by Which the 
suite of generation tools can be used to design and qualify 
an integrated circuit. 

[0020] FIG. 9 is a color illustration of a top routing layer 
of a semiconductor chip designed, quali?ed, and optimiZed 
for layout and placement on a board by the suite of genera 
tion tools. 

DESCRIPTION OF THE INVENTION 

[0021] Referring to the draWings, FIG. 1 illustrates an 
exemplary computer system 10 upon Which the suite of 
generation tools could be installed and/or used. Computer 
system 10 is illustrated as a netWorked computer system that 
includes one or more client computers 12, 14 and 20 such as 
Workstations coupled through a netWork 18 to a server 16. 
Server 16 could also be a personal computer-based server, a 
minicomputer, a midrange computer, or a mainframe com 
puter. While shoWn here as a point-to-point connection, 
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computers 12 and 14 need not be coupled to server 16 
directly, but may be coupled to yet another network which 
in turn is connected to server 16. Network 18 may represent 
practically any type of networked interconnection including 
but not limited to local-area, wide-area, wireless, and public 
networks such as the Internet, and any number of routers and 
hubs connected in between, e.g., a local-area network to a 
wide-area network to the Internet through a series of routers 
and/or other servers. Any number of computers and other 
devices may be networked through network 18, e.g, multiple 
servers, hand-held devices, etc. 

[0022] For the purposes of the invention, computer 20 
may represent practically any type of computer, computer 
system, or other programmable electronic device, including 
a client computer similar to computers 12, 14 and 20 of FIG. 
1, a server computer, e.g, similar to server 16 of FIG. 1, a 
portable computer, an embedded controller, a hand-held 
device, etc. Computer 20 may be coupled in a network as 
shown in FIG. 1 or may be a stand-alone device. Computer 
20 will hereinafter also be referred to as a computer although 
it should be appreciated that the term “computer” may also 
include other suitable programmable electronic devices 
capable of allowing a chip designer to use the suite of 
generation tools. 

[0023] With reference to FIG. 2 wherein at least one of the 
suite of generation tools is installed as an application, 
computer 20 typically includes at least one processor 30 
coupled to a memory 32. Processor 30 may represent one or 
more processors or microprocessors and memory 32 may 
represent the random access memory (RAM) devices com 
prising the main storage of computer 30, as well as any 
supplemental levels of memory such as cache memories, 
nonvolatile or backup memories, programmable or ?ash 
memories, read-only memories, etc. In addition, memory 32 
may be considered to include memory storage physically 
located elsewhere in computer 30, e.g., any cache memory 
in a processor 30, as well as any storage capacity used as a 
virtual memory, e.g., as stored on a mass storage device 36 
coupled to computer 20 with a storage area network (SAN) 
or on another computer coupled to computer 20 via network 
18. 

[0024] Computer 20 typically receives a number of inputs 
and outputs for communicating information externally. For 
interface with a user or operator, computer 20 typically 
includes one or more user input devices 26, 27, e.g., a 
keyboard, a mouse, a trackball, a joystick, a touchpad, 
and/or a microphone, among others, and a display 22 such 
as a CRT monitor, an LCD display panel, and/or a speaker, 
among others. It should be appreciated, however, that some 
server implementations may not support direct user input 
and output. 

[0025] For additional storage, computer 20 may also 
include one or more mass storage devices 36, e.g., a ?oppy 
or other removable disk drive, a hard disk drive, a direct 
access storage device, an optical drive, e.g., a CD drive, a 
DVD drive, etc., and/or a tape drive, among others, that may 
be connected directly or may be connected through a SAN 
or other network. Furthermore, computer 20 may include an 
interface connected to one or more networks 18, e.g., a 

local-area network, a wide-area network, a wireless net 
work, and/or the Internet, among others, to permit commu 
nication of information with other computers coupled to the 
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network. It should be appreciated that computer 20 typically 
includes suitable analog or digital interfaces between pro 
cessor 30 and each of the components 18, 22, 26, 27, and 36 
as is known in the art. 

[0026] Computer 20 operates under the control of an 
operating system 40 such as a UNIX-based or WINDOWS 
based operating system, as is known in the art, but is not so 
limited by the particular operating system. Operating system 
40 executes various computer software applications, com 
ponents, programs, objects, modules, etc., such as an execut 
able program 42, etc. Although one or more of the suite of 
generation tools 50 may be in memory 32 for the purpose of 
developing an integrated circuit, it need not be. The proces 
sor 30 may access one or more of the generation tools, the 
required data, other various applications components, pro 
grams, objects, modules, etc., resident on one or more 
processors in another computer coupled to computer 20 via 
a network 18, e.g., in a distributed or client-server comput 
ing environment whereby the processing to implement the 
functions of the suite or one of the tools may be allocated to 
multiple computers over a network. 

[0027] In general, the suite of generation tools executed to 
implement the embodiments of the invention whether imple 
mented as part of an operating system or a speci?c appli 
cation, component, program, object, module, or sequence of 
instructions will be referred to herein as the suite of gen 
eration tools, the suite, or just simply, the tools. The tools 
typically comprise one or more instructions that are resident 
at various times in various memory and storage devices in a 
computer, and that, when read and executed by one or more 
processors in a computer network, cause that computer to 
perform the steps necessary to execute steps or elements 
embodying the various aspects of the invention. While the 
invention has and hereinafter will be described in the context 
of fully functioning computers and computer systems, those 
skilled in the art will appreciate that the various embodi 
ments of the invention are capable of being distributed as a 
program product in a variety of forms and that the invention 
applies equally regardless of the particular type of signal 
bearing media used to actually carry out the distribution. 
Examples of signal bearing media include but are not limited 
to recordable type media such as volatile and nonvolatile 
memory devices, ?oppy and other removable disks, hard 
disk drives, optical disks, e.g., CD-ROMs, DVDs, etc., 
among others, and transmission type media such as digital 
and analog communication links. In addition, various tools 
described hereinafter may be based upon the application for 
which they are implemented in a speci?c embodiment of the 
invention. It should be appreciated that any particular 
nomenclature that follows is used merely for convenience, 
and thus the invention should not be limited in its use solely 
to any speci?c application identi?ed and/or implied by such 
nomenclature. The exemplary environments illustrated in 
FIGS. 1 and 2 are not intended to limit the present inven 
tion. Indeed, those skilled in the art will recogniZe that other 
alternative hardware and/or software environments may be 
used without departing from the scope of the invention. 

[0028] The suite of generation tools described herein 
interprets an application set, also described herein, and a 
customer’s requirements for an integrated circuit. Prefer 
ably, the application set and the customer’s requirements are 
programmed according to guidelines for easy interpretation 
of the suite, but need not be so. In turn, the suite of 
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generation tools generates logic and design vieWs to satisfy 
the customer’s requirements Within the purvieW of an appli 
cation set. The tools are self-documenting and self-qualify 
ing; preferably they may share the same user interface and 
database. Aparticularly useful feature of the suite is that they 
may be updated in real time to store the state of What is 
generated so the suite can execute in an iterative fashion to 
include incremental design changes and then to consider the 
effect of the changes. Alternatively, each tool or the entire 
suite may be run in a batch process for global optimiZation. 
Each tool, the customer’s requirements, and the application 
set may be on the same or different computers connected by 
a netWork as described above. 

[0029] Broadly, the suite of generation tools comprises 
tWo categories: tools that manage the resources of the slice 
as presented in the application set; and tools that enhance 
productivity. Typical of the resource management tools are 
those that speci?cally create usable memories, I/Os, clocks, 
and tests. 

[0030] One such resource management tool is a memory 
generator, such as disclosed in copending LSIL Docket No. 
02-4688. This tool, GenMem, inter alia, manages existing 
memory resources on the slice and creates synthetic logical 
memory elements from a varied collection of available 
diffused and/or R-cell memory arrays and/or transistor fabric 
on the slice de?nition. GenMem further generates memory 
Wrappers With memory test structures, pipeline ?rst in ?rst 
out (FIFO) logic, and logic required to interface With any 
logic Within the ?Xed or user modules. 

[0031] The suite may further include a tool, GenI/O, that 
generates the I/O netlist of the con?guration and allocation 
of eXternal I/Os according to the design customer require 
ment, JTAG, boundary scan, and simultaneous sWitching 
output (550), and may also generate and manage the RTL 
module that ties or closes unused I/O cells to an appropriate 
inactive state, such as described in copending LSIL Docket 
No. 02-4739. 

[0032] A clock generation tool, GenClock, as part of the 
generation tool suite creates a collection of clocks and resets 
that form up a clock tree as speci?ed by the customer 
requirements. GenClock further ensures that the correct test 
controls for clocking are created and connected at the same 
time Within the conteXt of the slice de?nition. Thus, Gen 
Clock produces testable clock generation, phase lock loop 
(PLL) Wrappers, coordinated reset mechanisms, and distri 
bution, such as in described in copending LSIL Docket No. 
02-4712. 

[0033] A test generation tool, GenTest, generates test 
structures and connects logic elements to the generated test 
structures. GenTest further manages the test resources, 
determines What resources are being used on the chip and 
Will produce appropriate testbench ?les, such as disclosed in 
LSIL Docket No. 02-5730, hereby incorporated by reference 
in its entirety. 

[0034] One of skill in the art Will understand that other 
resource management tools are possible given knoWledge of 
the structure and function of the requisite logic; that these 
tools have been de?ned to facilitate their ease of use. Some 
implementations may combine features of, for eXample, a 
memory generation tool With a test generation tool, and 
eXclude other features, to yield yet a Whole neW tool. Such 
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tools incorporating pieces of tools and intended to transform 
transistor fabric into functional semiconductor modules are 
Within the scope of the invention. 

[0035] Typical of the enhancement tools is a register and 
trace generation tool that automates the process of docu 
menting, implementing, and testing registers and internal 
memories. It may further con?gure registers that are not part 
of the data ?oW, such as disclosed in copending LSIL Docket 
No. 02-4775, An Automated Method for Documenting, 
Implementing, and Testing ASIC Registers and Memory. Yet 
another generator tool that may be a part of the suite 
described herein is one Which con?gures spare or unused 
resources such as unused diffused memories for trace arrays 
Where state and debug signals can be input for logic analysis 
and trace storage, such as described in copending LSIL 
Docket No. 02-4437, Automated Use of Unallocated 
Memory Resources for Trace Buffer Application. These and 
all of the other referenced copending LSIL dockets are 
hereby incorporated by reference in their entireties. 

[0036] As mentioned, one of the inputs to one or more of 
the generation tools is an application set. An application set 
is, inter alia, a description of the slice and several shells that 
make the slice useful to a chip designer. VieWing FIG. 3, a 
slice 310 is a partially manufactured semiconductor device 
in Which the Wafer layers up to the connectivity layers have 
been fabricated. The slice 310 comprises a base semicon 
ductor Wafer from, e.g., silicon, silicon-on-insulator, silicon 
germanium, gallium arsenide, other Type II, IIII, IV, and V 
semiconductors, etc. and is a piece of semiconductor mate 
rial into Which blocks or hardmacs have been diffused into 
the semiconductor layers. Diffusing a semiconductor Wafer 
to create a hardmac simply means that during fabrication of 
the Wafer layers, transistors or other electronic devices have 
been particularly arranged in the Wafer layers to achieve 
speci?c functions, such as diffused memory 320-338, 380 
390, data transceiver hardWare such as 1/0 PHYs 340-346, 
clock factories including PLLs 350, control I/Os 352, con 
?gurable input/output (I/O) hardmacs 354, 356; each of the 
hardmacs have an optimum arrangement and density of 
transistors to realiZe its particular function. The slice further 
comprises an area of transistor fabric 360 for further devel 
opment of the slice 310 using the suite of generation tools 
described herein. Transistor fabric 360 is an array of pred 
iffused transistors in a regular pattern that can be logically 
con?gured by the suite of generation tools herein to achieve 
different functions. A cell refers to the personaliZation of the 
interconnect layers that instantiate the logic gates of the 
transistor fabric. Some of the blocks of diffused memory 
380-390 may have been compiled by a memory compiler for 
speci?c siZes, timing requirements, connections, etc. A fur 
ther feature of the suite herein is that given a slice such as 
that shoWn in 310, not only is the placement of the hardmacs 
relative to other diffused objects identi?ed, and areas for 
knoWn logic reserved, but the placement of these hardmacs, 
compiled memories, and the reserved areas of the transistor 
fabric 360 have been situated to achieve the desired timing 
and performance both Within the slice and for the slice to 
connect to the larger board, as Will be discussed. 

[0037] One of skill in the art Will appreciate that the slice 
310 shoWn in FIG. 1 is only one eXample of a slice and its 
components. Different slices may contain different amounts 
and arrangements of transistor fabric, different amounts of 
diffused and/or compiled memories, both ?Xed and con?g 
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urable I/O blocks, clocks, etc. depending upon the purpose 
of the ?nal integrated chip. For instance, if the ?nal chip is 
intended to be a communication and/or network integrated 
circuit, the periphery of the slice may contain many I/ O cells 
that have been ?xed as PHYs and/or that can be con?gured 
differently from one another. Likewise, if the ?nal integrated 
chip is intended to be a specialiZed microprocessor then it 
may not have as many I/O hardmacs or con?gurable I/O, and 
more or less diffused registers and memories. The point is 
that there are different levels of customiZation of the slices 
for different semiconductor products. The slice 310, more 
over, optionally may include the contact mask and some of 
the ?xed higher layers of connectivity for distribution of 
poWer, ground, and external signal I/O. 

[0038] The slice de?nition is a detailed listing of the 
features available on the slice, such as the area and avail 
ability of transistor fabric, the I/ O and memory available, the 
requirements of the hardmacs, the cost of the slice, the ideal 
performance that can be expected of the slice, the expected 
poWer consumption, and other functional requirements. For 
memory elements, the slice de?nition may include, inter 
alia, details of: (a) area and physical placement of the 
memory array and its interface/connection pins; (b) bit Width 
and depth; (c) organiZation, e.g., numbers of read/Write 
ports, bit masking; (d) cycle time; and (e) poWer estimates. 
For I/O elements, the slice de?nition may provide, inter alia, 
the types of I/O, the I/O drive strength, etc. For clock 
elements, the slice de?nition provides the frequencies at 
Which the slice may operate, the duty cycle, etc. Other 
details of the slice de?nition may include the con?guration 
of the transistor fabric and the diffused and compiled ele 
ments, the status of the logic, the required control signals 
and the features enabled by the control signals, Whether any 
element undergoes testing, the location and the number of 
the elements on the slice, etc. 

[0039] The slice itself is of little use to a designer needing 
to develop register transfer logic (RTL), so some represen 
tation of the diffused resources of the slice is needed; shells 
are aspects of this representation. Shells are the logic infra 
structure that makes the slice useful as a design entity, and 
the suite of generation tools generates some shells and uses 
other shells to facilitate this development. Using the suite of 
generation tools and the accompanying RTL shells, a chip 
designer can integrate her/his customer’s requirements With 
the resources of the slice, verify and synthesiZe designs 
generated by each tool, insert clocks, test interconnects, 
integrate the designs together to create a complete design. 
The resultant design, moreover, is a quali?ed netlist With 
appropriate placement and routing amongst the existing 
resources and for external connections to a board. To create 
a customiZed chip, all that is needed is a small set of 
remaining masks to create the interconnections betWeen the 
preplaced elements. 

[0040] There are a number of shells used as a basis for a 
designer to integrate her/his customer’s requirements using 
a particular slice, and depending upon the designer’s par 
ticular task; one or more of these shells can be used. These 
shells comprise: the RTL shells, the documentation shell, the 
veri?cation shell, the synthesis shell, the static timing analy 
sis shell, the manufacturing test shell, the ?oorplan shell, and 
the RTL quali?cation shell. The RTL shell provides a logical 
description of an aspect of the slice or of the generated or 
user resources. The documentation shell may be considered 
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the functional description of the resources. The veri?cation 
shell is the functional veri?cation description, Whereas the 
synthesis shell may be thought of as the generation descrip 
tion. The static timing analysis shell is the timing descrip 
tion, the manufacturing test shell is the test description, and 
the ?oorplan shell is a location description of the slice 
resources. 

[0041] The RTL shells may be vieWed as a hierarchy of 
logic, such as shoWn in FIG. 4. The inner module is called 
the generated module 410 and typically includes a signi? 
cant amount of preplaced, timed, and proven components, 
such as clock generators, system controllers, reset logic, 
analog serialiZers/deserialiZers (SERDES) hardmac compo 
nents, I/O stubs, memory stubs, memory built-in self test 
(MBIST) controller arrays. Each of the suite of generation 
tools herein creates or generates the RTL in the generated 
module to personaliZe the transistor fabric to satisfy a 
customer requirement not supplied by the application set, by 
any IP cores, or by the customer. In some instances, a 
diffused hardmac may not be used so it is stubbed. “Stub 
bing” refers to tying the inputs of these hardmacs, such as 
I/Os and memories, to inactive levels so the hardmacs are 
not functionally active. Stubbing may take place in the 
generated module 410. 

[0042] Surrounding the RTL logic of the generated mod 
ule 410 is the user module 420. Any customer logic provided 
Will be inserted in the user module 420 and Will be condi 
tioned by an RTL analysis tool to implement the customer’s 
logic quickly. An example of such an RTL analysis tool is 
TERAFORM, a commercially available tool that identi?es 
potential timing and design closure issues of the customer’s 
speci?cation early in the design cycle. Also included in the 
user module 420 are instantiated diffused and R-cell 
memory and their corresponding Wrappers, and registers, 
and a list of ports having tie-offs, i.e., the list of I/O ports that 
Will not be used. These memory, registers, and list of ports 
can be generated by one of the suite of generation tools or 
may be provided as part of the customer’s requirements. The 
user module 420 may also include IP cores 412, an example 
of Which is an AMBA module. An AMBA module, in 
accordance With the industry standard AMBA speci?cation, 
facilitates the implementation of an on-chip bus connecting 
hardmacs With the corresponding logic so chip developers 
can implement and test blocks Without prior knoWledge of 
the system into Which the component Will be ?nally inte 
grated. A typical AMBA-bus consists of a high-speed, 
high-bandWidth system bus that connects any embedded 
processors in the slice to high-speed, high-bandWidth I/O 
peripherals, direct memory access (DMA) controllers, high 
bandWidth data-intensive applications using the slice 
memory and interfaces. The AMBA standard also speci?es 
a peripheral bus connected to the system bus but With a 
simpler bus protocol designed for ancillary or general 
purpose peripherals such as timers, interrupt controllers, 
UARTs, I/O ports, etc. The incorporation of the AMBA 
module 412 particularly facilitates the use of the suite of 
generation tools in a distributed system. 

[0043] The ?xed module 430 is created as part of the 
application set creation process. The ?xed module 430 
encompasses the ?xed resources of the application set such 
as ?xed instantiated hardmacs like the protocol layers on the 
interior of the slice and/or the IP cores 432 necessary for the 
hardmac PHYs, such as an XGXS to support data transfer at 
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Gigabit Ethernet speeds, or a MW SPI4 core. The ?xed 
module 430 may be as simple as logic signals directly 
connected to external chip I/Os, or it may be more complex 
set of proven modules upon Which the user module 420 can 
build. For example, the ?xed module 430 of the RTL shell 
could include a complete PCI bus controller including all the 
connections to external I/Os and/or a DDR/SRAM memory 
controller, a processor sub-system, etc. With the use of these 
and other industry standards, the customer does not have to 
spend design resources and time reinventing a standard 
connection or bus or other function. 

[0044] The core module 440 encompasses the ?xed mod 
ule 430 and the user module 420 and provides a set of logic 
interfaces to Which the user module 420 and the ?xed 
module connect therebetWeen and to the top module 450. 
Although the core module 440 typically Will not have any IP 
cores 442, there may be an instance in Which an IP core 442 
may be used to connect the ?xed module 430 to the user 
module 420. 

[0045] The top module 450 of the RTL shell includes the 
core module 440 and all of its constituents. The top module 
450 further contains the I/ O blocks and the I/O diffused areas 
and comprises appropriate logic for the hardmacs and con 
?gured logic toWards the periphery of the slice. This 
includes the clock factories, the PLLs, the I/O netlists, the 
JTAG tap controller, test logic, etc. Some of these blocks 
may be IP cores 452 having proven and ?xed logic. 

[0046] FIG. 5 is another perspective of hoW the RTL 
shells actually are incorporated onto a shell, and the rela 
tionships to the suite of generation tools. ShoWn in FIG. 5 
is the RTL hierarchy 400. Surrounding the RTL hierarchy 
400 as inputs are the customer requirements 520*, some or 
all of the suite of generation tools 510*, the state 530* of 
each iteration of a particular tool, and the slice de?nition 
310*, Where * represents a code to indicate a particular tool 
or subsystem, for example, m for memory, r for register, io 
for 1/0, c for clock, etc. Thus, the GenMem tool 510m takes 
as input the customer memory requirement 520m, the 
memory state 530m of any memory generated from a 
previous iteration of the tool or from a customer, and the 
slice de?nition for memory 310m. Similarly, the GenI/O tool 
510i0, the GenClock tool 510c, and the GenReg tool 510r 
have their respective inputs and feedback mechanisms to the 
customer requirements 520i0, 520c, 5201; and any previ 
ously stored state 530i0, 530c, 5301; and the slice de?nitions 
310i0, 310c, and 3101'. The memory generation tool 510m 
generates the memory RTL logic 410m for the memory 
arrays from the transistor fabric; an I/O generation tool 
510i0 generates RTL 410i0 for the con?gurable I/O module 
356 from the transistor fabric; the clock generation tool 510c 
generates the clock RTL logic 410c for the clock factory 
354; and the register generation tool 510r creates the RTL 
for the register arrays 410;; and so on. In this particular 
illustration, a customer further speci?ed three arrays 550 to 
be generated from the transistor fabric. The customer speci 
?ed Modules X and Y 540 Which Were generated using the 
tools as described above. The IP core 560 may be, for 
instance, a processor core, a bus interface, etc. 

[0047] The veri?cation shell is also part of an application 
set and provides a total environment to functionally test not 
only the RTL shells as above but also veri?es that the 
customer’s requirements have been correctly incorporated 
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into slice and the RTL shells. The basic strategy of the 
veri?cation shell is to perform both block-level and full-chip 
veri?cation using random testcases because a random envi 
ronment, vis a vis directed testcases, provide more compre 
hensive veri?cation coverage. A block consists of a single 
module or group of modules that make up a given sub 
system. The veri?cation shell exhaustively veri?es all func 
tionality Within each module or subsystem and then veri?es 
the full-chip environment of the intermodule and I/O con 
nections, including the connections from the 1/0 to the 
board. The module interoperability and top-level functions 
are also veri?ed. The veri?cation shell may include com 
ponents such as transactors, monitors or interface checkers, 
scoreboards, reference models, and test suites betWeen the 
internal logic interfaces and the chip I/ Os. As part of the test 
suites, the veri?cation shell further incorporates commer 
cially available tools that simulate the hardWare on a chip, 
such as MTI MODELSIM. Other parts of the veri?cation 
shell may automatically generate functional tests, data and 
temporal checking, functional coverage analysis, and HDL 
simulation control, such as VERISITY SPECMAN ELITE. 
The veri?cation shell may also analyZe any ?nite state 
machines, the expression and code coverage, load sharing 
facilities, and controls generation of executables/non-source 
?les from the source ?les. Thus, the veri?cation shell may 
catch such early detectable and resolvable problems may 
include central versus local multiplexing of the data path and 
test structures, Whether to implement a complex ?nite state 
machine or use feWer smaller state machines at several 
locations in the slice, mapping memory of the status and 
con?guration registers across the slice. 

[0048] The application preferably includes several other 
shells. Asynthesis shell has scripts to synthesiZe not only the 
elements in the shell but also any generated logic, the user 
module including any customer constraints, instruction ?les, 
and constraints for synthesis ?oWs and tools, such as SYN 
OPSIS DESIGN COMPILER. These synthesis scripts are 
preferably optimiZed for the slice’s transistor fabric using 
libraries that describe the available customiZed cells. Astatic 
timing analysis shell is provided to drive timing from the 
external of the chip that includes the timing constraints for 
all interfaces presented to the designer in the RTL shell. The 
static timing analysis shell preferably includes timing mod 
els of the RTL shell components connected to the chip I/Os. 
A manufacturing test shell might include the stub interface 
that brings scan chains to the customer logic plus any 
preexisting test engines and mechanisms in the shell and 
slice, such as fault coverage, parametric and skeW informa 
tion. 

[0049] A documentation shell provides templates to inter 
face With the suite of generation tools and may provide an 
interface by Which the user module can be compatibly input 
to the suite. Typically, the documentation shell may include 
the resources of slice including the total I/Os and memories 
available, the I/Os and memories available after assignment 
and generation, the interface timing diagrams, and the block 
functional speci?cations. 

[0050] The ?oorplan shell describes the location of the 
physical slice resources on the slice, particularly physical 
placement requirements on the transistor fabric and poWer 
grid to enable R-cell hardmac creation. The ?oorplan shell 
further has the physical placement requirements on the 
memories, con?gurable I/Os, PLL, etc. used in allocating the 
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resources of the slice by the suite of generation tools. Thus, 
the shells provide proven interfaces and controllers that may 
be in compliance With industry standards, so the chip 
developer and/or the customer need only concentrate on 
developing their differentiating logic. 

[0051] In a simple embodiment, the slice and its shells 
comprise an application set. Elements of the application set 
are input to the suite of generation tools and, together With 
the suite of tools, may be delivered to a chip developer Who 
might then incorporate a customer’s requirements to achieve 
a fully functional integrated circuit at less cost and less time 
than to custom design an ASIC for the same purpose. Thus, 
in another embodiment, the collection of shells, the slice 
de?nition, one or more of the suite of generation tools, and 
the methodology for developing an integrated circuit accord 
ing to the customer’s requirements using the generation 
tools herein comprise an application set. 

[0052] FIG. 6 is an eXample of application set 610 con 
?gured as a communication and netWorking chip to receive 
and transfer data according to the SPI4.2 industry standard 
protocol 612 and/or a 10 Gigabit Ethernet standard 614, and 
to interface that data With various other protocols as Will be 
discussed. Application set 610 has a number of ports 680 
694 labeled A-F through Which to receive and transmit data, 
clock signals, control signals, test signals, etc. Portions of 
the diffused memory 320-338, 380-390 and logic array 360 
have been fabricated as a level 2 protocol layer 616 and level 
3 protocol layer 618 to receive and transmit data Which may 
be, e.g., high speed gigabit serial data through I/O interfaces 
620, 622 to/from PHY 340 and PHY 344, respectively, that 
may comprise, e.g., extremely high bandWidth CMOS cir 
cuits. One such PHY is HYPERPHY, a trademarked PHY 
available from LSI Logic, Inc. Also shoWn in FIG. 6, are 
tWo I/O blocks or interfaces 630, 632 for optional XAUI 
high speed data 614 into and out of a compatible PHYs 342, 
346 for high speed data. XAUI supports up to 10 gigabit per 
second (Gbps) for differential serial transmission and oper 
ates at 3.125 Gbps. XAUI requires an appropriate eXtender 
sublayer, XGXS, 644 to eXtend the XGMII (ten gigabit 
media independent interface) and a 10G media access con 
troller (MAC) 646, both of Which may be generated from 
memory 336, 338, 390 and logic array 360 With at least one 
of the suite of generation tools herein. A PHY for XAUI is 
GIGABLAZE, also a trademarked PHY available from LSI 
Logic, Inc. Alternatively, data may be routed from the 10G 
MAC 646 on a different path 648 to additional protocol 
layers (not shoWn) to con?gurable I/O block 356 having 
ports 694 to the processor unit interface 650 and the 10/100 
MII 652 to transmit and receive control and con?guration 
signals to/from the control/con?guration/test block 656. I/O 
block 356 could be con?gured for a reduced ten bit interface 
(RTBI) With the accompanying protocol layers being gen 
erated from the transistor fabric using the suite here. Mean 
ingful RTL shells used in the application set of FIG. 2 may 
include a MW SPI4 core, the XGXS 644 and its test stub, a 
clock factory 350, a JTAG interface 654, appropriate 
memory Wrappers, and memory and I/O stubs. Adirectory of 
the application set of FIG. 6 is given beloW. 

Jul. 1, 2004 

Directory of Application Set for Figure 6 

bin 
hdl 
ahbicomponents 
clkiclockifactoryicomponents 
ioriioiring 
jtag 
mWispi4 
pll 
cmicoreimodule 
regiregistericomponents 
tmitopimodule 
XgXs-lOGfEthernetfXs 

mem 

rac 

ahbicomponents 
clkiclockifactoryicomponents 
ioriioiring 
jtag 
mWispi4 
pll 
cmicoreimodule 
regiregistericomponents 
tmitopimodule 
XgXsflOGfethernetfXs 

sim 
block lib 

jtag 
mWispi4 
XgXsflOGfEthernetfXs 

evcilib 
ahb 
jtag 
spi4 
Xaui 

base lib 
base 

tb 
mWispi4 
umiref 
umistub 
umisubsys 
umitest 
XgXsflOGfethernetfXs 

sta 

ahbicomponents 
clkiclockifactoryicomponents 
ioriioiring 
jtag 
mWispi4 
pll 
cmicoreimodule 
regiregistericomponents 
tmitopimodule 
XgXsflOGfethernetfXs 

syn 
ahbicomponents 
clkiclockifactoryicomponents 
ioriioiring 
jtag 
mWispi4 
pll 
cmicoreimodule 
regiregistericomponents 
tmitopimodule 
XgXsflOGfEthernetfXs 

[0053] The application set above has a number of direc 
tories. The bin directory includes scripts, tools, and the suite 
of generation tools. The mem directory stores the memories 
required by the application set. The hdl directory may 
include subdirectories for each block in the application set, 
each having verilog source ?les of the RTL needed by the 
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suite to further create the RTL. The sim directory contains 
the veri?cation shell and the simulation environment and has 
several libraries. The sim directory, may, for instance, con 
tain commercially available veri?cation and testing to test 
the VERILOG or VHDL ?les generated. It is advantageous 
if the customer’s requirements conform to the same veri? 
cation and testing tools stored Within the veri?cation and 
simulation shell. The block library contains the coverage 
rules, the block register de?nitions, etc. for each of the 
blocks; it may also contain the code to verify the blocks. The 
base library contains the base code of the slice de?nition. 
The evc library contains transactors and/or monitors for each 
of the external chip interfaces controlled from Within the 
integrated circuit. The tb library contain the tests or refer 
ences to the tests, such as testing the application set With and 
Without integration of the customer’s requirements, test 
instrumented RTL to alloW gate-level testing of the entire 
chip. The tests to validate the shell blocks, the subsystem 
tests that tests the user module alone are option but use 
transactors as hardWare interfaces. The other libraries, the 
rac, sta, syn contain the RTL analysis and checking, the 
static timing analysis, and the synthesis constraint ?les, 
respectively, for each of the blocks in the application set. 

[0054] FIG. 7 is a simpli?ed block diagram of the concept 
of a generation tool. Each tool may execute separately or 
coordinate With the other tools. Input to the suite of gen 
eration tools includes an application set 710 comprising the 
shells 712 and the slice de?nition 714. Also input to the tools 
is the speci?cation of the desired ?nal integrated circuit, the 
design or speci?cation of the customer requirement 720. The 
customer requirement 720 for memory elements to be gen 
erated by the memory generation tool may specify the bit 
Width and depth of the desired memory, number of read/ 
Write ports, cycle time, number of cycles, physical location 
of the logic interface, poWer restrictions. For the tool that 
generates the I/O functions for an integrated circuit, the 
design speci?cation includes a description of the required 
I/O buffers, and inter alia, such details as: (a) the direction 
of the data?oW—Whether in, out or bi-directional; (b) 
Whether the terminator is single-ended or differential; (c) the 
direct current (DC) characteristics such as voltage level and 
drive strength; (d) the alternating current (AC) performance 
characteristics such as frequency; (e) the type of I/O, e.g., 
LVTTL, CMOS, Three State, etc.; the logic af?nity; (g) 
the I/O grouping categories by bus or skeW/line length. One 
of skill in the art Will understand that different functions to 
be implemented on the integrated circuit Will require differ 
ent speci?cations; thus, the above eXamples of memory and 
I/O requirements is not intended to be limitative. 

[0055] Implementation of the generation process can be 
partitioned into separate processes, one for each tool 730 of 
the suite. Each of the generation tools 730 preferably has a 
manager 732, a resource allocation database 734 Which may 
be separate or shared amongst the tools, a resource selector 
736, and a composer 738. The manager 732 has several 
functions, it (a) maintains the overall set of elements and 
logic resources, i.e., the state generated by any previous 
generated designs; (b) receives neW requests for additions, 
changes, or deletions to the set of generated elements; (c) 
interprets requests for additions and changes and instructs 
the resource selector 736 to provide a list of available 
elements Which can be used to construct the requested 
circuit; (d) updates the resource database 734 With the 
complete vieW of generated elements for use in further 
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optimiZation passes; and (e) manages the overall ef?ciency 
of the entire of generated elements by building sets of 
metrics based on the generation order and contributing in the 
generation reordering process. The manager 732 further 
maintains the request order of the elements to be con 
structed, the physical placement detail of the customer logic 
from the design database 784, the partitioning of the ele 
ments, the characteristics of the combined elements, such as 
memory, poWer consumption, and any customer restrictions 
or “sticks” on element allocation. 

[0056] The resource selector 736 receives commands one 
of Which may include the current customer requirement 720 
for a particular element from the manager 732. The resource 
selector 736 references the slice de?nition 714 and the 
resource database 734, and in one embodiment has conteXt 
only for the current requested element but in another 
embodiment may have conteXt for the entire set of previ 
ously generated elements. In another embodiment, hoWever, 
it is possible for the resource selector 736 to take on more 
of the global optimiZation task to vieW multiple customer 
requirements; otherWise global tasks may be managed by the 
manager 732. When selecting the elements needed for a 
particular block, circuit or function, the resource manager 
736 considers, inter alia, (a) available elements vs. generated 
elements; (b) performance and organiZation of the available 
elements and technology characteristics; (c) design margin; 
and (d) physical location of the elements With respect to the 
RTL connected to it. The resource selector 736 performs a 
local optimiZation across a Weighting of the parameters and 
builds a list of elements to support the requested design. If 
the requested design cannot be constructed from available 
resources the result is passed to the manager 732 for 
communication. 

[0057] Once the resource manager 732 has selected the 
candidate elements, these elements along With the customer 
requirement 720 are passed to the composer 738. The 
composer 738 generates the design vieWs 750, i.e., the RTL, 
simulation array, timing constraints, synthesis scripts, for the 
requested design, Which may be in Verilog, VHDL, or other 
design language selected. The composer 738 also informs 
the manager 732 if it is not possible to create the requested 
resource from the particular slice. 

[0058] The design integrator 782 takes the design vieWs 
750 for the requested elements and stitches them into the 
overall chip design held in the design database 784. The 
design quali?er 786 is an RTL or netlist quali?cation tool 
that determines, inter alia: (a) Whether the design is likely to 
meet timing under a set of design margin or technology 
assumptions; (b) the poWer consumption contribution of the 
several elements and their function to the design; (c) 
Whether poWer plane limitations are observed; (d) Whether 
placement of the elements is commensurate With associated 
logic af?nities; and (e) Whether the skeW speci?cations are 
Within tolerance. Once the requested circuits have been 
constructed, integrated, and quali?ed in the design vieWs 
750, the manager 732 updates the resource database 734 
With the eXact details of the constructed elements and 
proceeds With the neXt iteration of the process. 

[0059] It is critical that those skilled in the art appreciate 
the poWer of the suite of generation tools described herein. 
Not only can the suite generate design vieWs of an integrated 
circuit given an application set, the suite also generates the 
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slice description that can be used Within an application set. 
The slice or any other partially manufactured semiconductor 
chip, moreover, then can be further developed by the suite 
and methodology of generation tools described herein. 

[0060] One of skill in the art Will appreciate the versatility 
proffered by the suite of generation tools in that the suite can 
undergo a global optimiZation. The suite of tools can also 
generate, analyZe, and verify incremental changes to the 
design. Integrated circuit design and quali?cation are tasks 
of varying degrees of precision and accuracy. In the begin 
ning of a design, the designer may Wish to bypass the 
composer 738 and the design integrator 782 simply because 
the designer is experimenting and there may not be suf?cient 
detail to Warrant the tasks or because of time constraints, 
Whereas late in the design process high precision and 
accuracy are desired to prove product quality. Alternatively, 
the design quali?er 786 can be run at an abstracted level, 
e.g., the designer may specify only 1/0 names, direction and 
types, to understand hoW the design Will ?t Within certain 
slice or package constraints and if the design Will provide the 
anticipated performance. In this planning process the 
designer could alloW more or less margin to test the sensi 
tivity of the slice resources in satisfying the requirements. 
The design vieWs 750 may be modi?ed in an iterative and 
incremental fashion to facilitate design exploration in all 
phases of the design process, and to implement incremental 
changes to a block and vieW the changes resulting from that 
change. The previous states of the blocks may be stored in 
the resource allocation database 734 or the design database 
784. As the design becomes more complete or as additional 
information becomes knoWn about the chip layout and 
associated board design, the designer may Wish to specify or 
generate more information concerning logic af?nity, perfor 
mance, and grouping. As the design nears completion, a 
more exhaustive speci?cation and a global optimiZation can 
be made to gain assurance that the ?nal product Will match 
desired outcomes. 

[0061] FIGS. 8a and 8b are How charts of the process by 
With the suite of generation tools can be used to generate an 
application set and, thereafter using the generated applica 
tion set, to generate an integrated chip according to the 
customer’s speci?cation. At block 810, a functional speci 
?cation 812 for the creation of an application set, or given 
an application set, the customer requirements 520 are input 
into the process. At step 816, RTL coding occurs. At step 
818, the coded RTL is analyZed, such as by TERAFORM. If 
the RTL has been properly coded and conditioned by, e.g., 
GenReg as in block 510;; it passes the test at block 820 to 
create the user module 420. 

[0062] In the meantime, the suite of generation tools 510 
has been generating the generated module 410. First, Gen 
Reg 510r may optionally condition the speci?cation and/or 
customer requirements and applies the conditioned code to 
input tables 830. The input tables 830 are also applied to the 
suite of generation tools 510 Which comprises GenI/O 
510i0, GenMem 510m, GenClock 510c, GenTest 510i; and 
optionally may comprise GenTrace 510tr and GenReg 5101'. 
It Would be advantageous to have all the tools generated the 
generated module 410, but not all tools Will be used in all 
situations, e.g., if no memory Will be generated then Gen 
Mem Would not be required to be included in the suite or if 
included in the suite, may not be used. If a previous state 530 
of the tool(s) had been saved, it Would also be considered by 
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its respective tool. Each tool then takes as input the tables 
830 and the state 530 to generate correct RTL code. If the 
RTL for the customer requirement 520 can’t be generated 
given the functional speci?cation 812 of the slice, as posed 
in block 834, then the process continues to block 836 to let 
the designer knoW to either change the slice description 
chosen or to modify the customer requirement. If the 
resource can be generated from the transistor fabric of the 
slice description of the application set, the suite of tools 
generates the RTL logic in step 840. The synthesiZed RTL 
840 and the proven logic of the ?xed module 430 and the top 
module 450 are input into the design quali?er 786 of FIG. 
8b. Also inputs to the design quali?er 786 are the various 
outputs from each of the tools. Each of the suite of genera 
tion tools then provide its respective design vieW to the 
design quali?er 786 for further evaluation. 

[0063] The design quali?er 786 then checks the design 
vieWs output from each of the tools. Each of the tools, 
moreover, provides a basis for testing Within the design 
quali?er 786. The RTL is analyZed in block 818. A series of 
simulated functional tests are performed on the logic to 
verify the correct functionality, as executed by the veri?ca 
tion shell 852. The manufacturing test shell 854 validates 
that appropriate tests patterns and high test coverage using 
tests such as JTAG, boundary scans, etc., of the intended 
semiconductor product or a portion can be realiZed, as in 
block 854. Static timing analysis is checked for proper 
arrival and interval of clock and signal inputs to the gates, 
as in block 856. If any of these shells indicate that the 
generated RTL does not pass muster, as in blocks 820, an 
error message is ?agged for the designer to revieW either or 
both the functional speci?cation 812 and the customer 
requirement 520. The synthesis shell 858 and the ?oorplan 
shell 860 provide input to the static timing analysis shell 
856. The documentation shell 862 is provided as output. 

[0064] If additional resources are to be added, or if another 
iteration might be undertaken to change the placement and 
or logic or consider other factors, such as in block 880, the 
process loops back up to the input of the functional speci 
?cation 812 and the customer requirement 520. Such addi 
tional factors to consider might be changing an I/O buffer or 
increasing the clock frequency. These changes may be 
considered incrementally by another iteration of the process. 

[0065] Not only is a chip created using the tools described 
herein designed and tested for ef?cient placement of the 
blocks With respect to each, but also With respect to con 
nection of the chip onto a board. FIG. 9 illustrates the 
routing of the I/O interconnects betWeen a chip 910 and the 
board 920 to Which the chip is mounted or connected. One 
member of the suite, the I/O generation tool in conjunction 
With the ?oorplanning shell optimiZes placement and timing 
of the poWerplanes, the control signals, the data coming into 
and exiting the chip by anticipating important design factors 
such as differential sWitching, multiple voltages, and con 
trolled impedance. As shoWn in the color illustration of FIG. 
9, the clock and PLL locations are optimiZed to enhance 
performance and facilitate electrostatic discharge protection 
as may be shoWn by the, e.g., sky blue color labeled 930. 
The control voltage and signal ground may be represented 
by another poWer split 940 and color, and the I/O signals still 
represented by another color and poWer split 950. FIG. 9 is 
illustrative only, there may be more or feWer poWer splits 
Which may be arranged differently Within and around the 








